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EXECUTIVE SUMMARY

To meet the charge of the President’s Executive Order, we need a new emphasis on
achieving an ecologically and socially sustainable Chesapeake Bay and watershed.
Addressing sustainability will require making decisions about the balance between (1)
improving and sustaining fish and wildlife populations and their supporting habitats and
water quality, and (2) meeting the increased demands for goods and services made by the
17 million people in the watershed and by an increasingly global economy. We
recommend Ecosystem-Based Management (EBM) as the approach to improve
monitoring and decision making to achieve a sustainable Bay and watershed.

Strengthening science will be critical to more effectively plan, implement, and evaluate
the actions, policies, and associated trade-offs needed to improve the health of the Bay
and its watershed. Federal agencies need to significantly improve the effectiveness of
information, decision-support tools, and technical assistance to help key audiences make
the difficult choices to improve the health of the Bay ecosystem while accommodating
the needs of a growing population. The key audiences and priority efforts include:

e C(Citizens and watershed groups. Efforts should be focused on the agricultural
community, suburban homeowners, urban dwellers, and watermen whose decisions
influence the quality of agricultural, suburban, and urban lands, and the use of
ecosystem goods and services.

e Local governments. Support local land-use planning and zoning decision makers as
they address the sustainability of their communities, watersheds, and the Bay.

e Federal and State resources managers. A primary focus should be on providing
technical assistance on the inter-relation of decisions affecting water quality, habitat,
and living resources and their effectiveness in sustaining the Bay and its watershed.

e Elected officials. Provide science-based summaries that highlight the implications of
proposed legislation and policies that will affect the Bay and watershed.

Our major recommendations to strengthen science and improve decision support are:

Focus the Chesapeake partnership on sustainability and adopt an adaptive,
Ecosystem-Based Management approach to expand the current emphasis on water
quality to incorporate all aspects of ecosystem sustainability (ecological integrity,
socioeconomic well-being, and effective partnership performance). This will require
revision of the existing Chesapeake Bay Program (CBP) goals to include more focus on
socioeconomic changes affecting the Bay ecosystem, strategies to get local governments
and people more engaged in the program, and measures to address the potential impact of
climate change. The desired outcome 1s to transform the partnership to dramatically
increase the involvement of citizens and local governments, and better align federal,
state, NGO, and academic efforts to strive for a sustainable Bay and watershed through
EBM.
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Establish an Interagency Decision-Support Hub to integrate federal tools and
information for more efficient and strategic decision making for ecosystem management.
Most of the current decision-support activities in the CBP are focused on water-quality
improvements and the same level of effort is needed to address the other CBP goals and
new challenges. The Hub would bring together scientific information and decision-
support tools and specialists to provide information in an adaptive-management
framework. The Hub activities would provide for more timely and effective targeting and
assessment of management policies and practices being implemented by federal, state,
and local partners. The primary objectives of the Hub would be to:

e Provide GIS-based decision-support tools, visualization, and analysis for (1) targeted
conservation and restoration actions for habitat, water quality, and vital lands; (2)
coastal zone management; (3) fisheries and wildlife management; (4) hazard
assessment, climate change, and resiliency planning; and (5) land-use planning. The
tools would be Web-based to provide access to multiple partners.

Forecast and assess implications of different management actions and policies.
Prepare communication products for the public, local governments, resource
managers, and elected officials.

e Have decision-support specialists directly interact with decision makers on the
implications of different management options and the effectiveness of current
practices.

e Integrate existing tools through the Chesapeake Online Adaptive Support Toolkit
(COAST).

The Hub would interact closely with the CBP Technical Support and Services team to
utilize scientific information being generated by federal, state, and academic partners.
The key science information needed by the Hub to improve decision-support tools and
analysis includes monitoring; spatial data, visualization, and information management;
research; model-based forecasting; and an expanded suite of indicators. Selected outputs
from the decision tools would be used in ChesapeakeStat, which is an accountability tool
that will help determine whether partners are adequately aligning resources in priority
locations.

Create the Chesapeake Bay Environmental Data Enterprise for timely, quality data
and information sharing between partners. All environmental data archiving, assimilation,
modeling, and information systems should transition into a fully integrated Chesapeake
Bay data enterprise. The ultimate goal of improved data management should be to
provide timely and agile access to data and information among partners so they can easily
integrate data for analysis. In effect, the Chesapeake Bay data enterprise will enable
partners to use the wide range of data needed to improve ecosystem management.
Therefore, the partnership must design a blueprint for this new capability and fully
leverage the internet for sharing and use information between the growing number of data
producers and data consumers.

Expand partner alliances for a Chesapeake Monitoring and Observing System to

provide coordinated monitoring of environmental conditions beyond water quality and
into the watershed. The monitoring system should build from existing monitoring and
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observing programs in the Bay and its watershed and be improved to better address fish
and wildlife, foodweb interactions, disease, contaminants, climate variability, land cover
and use, and tracking of management actions. The efforts to establish and improve the
system would include:

o Coordinate with national monitoring networks to address needs in the Bay and
its watershed (including the Integrated Ocean Observing System and the National
Water-Quality Monitoring Network).

o Establish stronger partnerships with ongoing federal and state monitoring
programs.

o Design and implement a climate change monitoring component to ensure that
decision tools and models can forecast potential impacts of a changing climate.

o Expand monitoring to address gaps. Additional monitoring is needed to address
critical gaps in the monitoring of fish and wildlife, habitat, contaminants, land
use, natural disturbances, and socioeconomic factors, and tracking of
management actions.

Align and conduct research to explain and forecast ecosystem changes and assess
the effectiveness of management decisions. Better alignment of federal research, using
an adaptive-management framework, will improve targeting and effectiveness of
management actions. To address this recommendation, the federal government needs to:
o Align research in an adaptive management approach to explain changes and the
effect of management actions.
o Prepare a federal research plan that identifies major gaps that need to be filled.
o Improve modeling capabilities to forecast ecological and human health

conditions due to changes in land use, climate, socioeconomic conditions, or
different management options.
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CHARGE FROM THE EXECUTIVE ORDER (EXCERPT)

The Secretaries of Commerce and the Interior shall, to the extent permitted by law,
organize and conduct their monitoring, research, and scientific assessments to support
decision making for the Chesapeake Bay ecosystem and to develop the report addressing
strengthening environmental monitoring of the Chesapeake Bay and its watershed
required in section 202 of this order. The report shall make recommendations to
strengthen scientific support for decision making to restore the Chesapeake Bay and its
watershed, including expanded environmental research and monitoring and observing
systems. This report will assess existing monitoring programs and gaps in data collection,
and shall also include the following topics:

(a) the health of fish and wildlife in the Chesapeake Bay watershed;

(b) factors affecting changes in water quality and habitat conditions; and

(¢) using adaptive management to plan, monitor, evaluate, and adjust environmental
management actions.

SCOPE OF THIS REPORT

The report presents major items to address the E.O. topic “strengthen science and
decision making for ecosystem management.” A new approach for addressing
sustainability and ecosystem management is presented. The science elements, including
monitoring, needed to support ecosystem management and improve decision making are
presented. Lastly, the report discusses current scientific efforts, identifies gaps needed to
address ecosystem management, and provides recommendations to fill the gaps.

INTRODUCTION

The Chesapeake Bay, the Nation’s largest estuary, has been severely affected by human
population increase, which has resulted in poor water quality, degraded habitats, and low
populations of many fish, shellfish and wildlife species. Since the mid-1980s, the multi-
agency Chesapeake Bay Program (CBP) partnership has been working to restore the Bay
ecosystem. Findings from the CBP Bay Barometer (USEPA, 2009) show there have been
some improvements in ecosystem conditions but other key measures remain degraded:

e A moratorium on striped bass fishing during the late 1980’s and commercial quotas
and recreational harvest limits set since 1990 resulted in a rebound of the population.
However, there is a high prevalence of disease (mycobacteriosis), and concern
whether there is enough prey to adequately support the striped bass population.

e Almost 20 percent of the critical lands in the Bay watershed, which provide important
ecological, recreational, or economic value, have been conserved.
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e Major indicators of dissolved oxygen (DO), water clarity, and chlorophyll remain
degraded (only 21 percent of desired levels). DO conditions have not improved since
the late 1980s and water clarity has worsened.

e There has been an overall decline in blue crab abundance since 1990 and the oyster
population remains depleted.

Even with the CBP effort over the past 25 years in bringing together the restoration
activities of federal and state governments, localities, private industry, and citizens, the
overall health of the Bay in 2008 averaged 38 percent, with 100 percent representing a
fully restored ecosystem (USEPA, 2009).

The continued poor health of the Bay suggests that the Chesapeake partnership must

adopt new approaches to improve the Bay and its watershed. The new approaches must

address the difficult decision making for multiple, and at times competing issues:

o Focusing on ecosystem improvement and sustainability of priority fish and wildlife
populations and the supporting habitat and water-quality conditions.

. Addressing multiple stresses of the Bay ecosystem (such as overharvesting of fish
populations, loss of habitat, and impacts of nutrients, sediment, and contaminants).

. Conserving existing lands and habitats that provide ecological, economic,
recreational, and cultural value.

. Meeting the socioeconomic demands for goods and services provided by the Bay
and its watershed.

. Planning for the potential impacts of a changing climate.

The choices made by individuals, communities, and governments directly impact the
health of fish and wildlife in the Bay ecosystem, so there is a need to get individuals and
communities more involved in making decisions about the future health of the
Chesapeake Bay and its watershed. The current goals and decision-making process of the
CBP (which is further described in Appendix 1) will have to be expanded to address a
sustainable Bay and watershed. A new focus on sustainability, which is supported by
ecosystem-based adaptive management, will foster more direct involvement of the
citizens and local governments to help rehabilitate the health of the Bay ecosystem. EBM
emphasizes a multi-faceted approach to (1) improve and sustain living resources and
supporting habitat and water quality, and (2) meet the increasing needs for goods and
services of the 17 million people in the watershed.

Science and technical assistance needs to be strengthened to support EBM and better
plan, implement, and evaluate the actions and policies needed to improve the health of
the Bay and its watershed. The science needs to better inform several key audiences:

e (Citizens and watershed groups. Efforts should be focused on the agricultural
community, suburban homeowners, urban dwellers, and watermen whose decisions
influence the quality of agricultural, suburban, and urban lands, and use of ecosystem
goods and services.

e Local governments. Work with local land-use planning and zoning decision makers
to address sustainability of their communities, watersheds, and the Bay.
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e Federal and State resources managers. A primary focus should be on the inter-relation
of decisions to improve water quality, habitat, and living resources and their
effectiveness in sustaining the Bay and its watershed.

e Elected officials. Provide science-based summaries that highlight the implications of
proposed legislation and policies that will affect sustainability of the Bay and
watershed.

ELEMENTS OF SUSTAINABILITY AND ECOSYSTEM-BASED MANAGEMENT

Sustainability has been increasingly emphasized as a management goal for ecosystems
since its simple definition by the Brundtland Commission over two decades ago (WCED,
1987), “to meet the needs of the present generation without compromising the ability of
future generations to meet their own needs.” Boesch (2006) provided a useful summary
of several national efforts using EBM to achieve sustainability. The Pew Oceans
Commission (2003) stated, “Ecosystem-based management should reflect the relations
among all ecosystem components including human and nonhuman species and the
environments in which they live.” The report of the presidentially appointed U.S.
Commission of Ocean Policy (2004) also pointed to EBM as the foundation for the
nation’s ocean policy. The Commission stressed that management should balance the
competing uses while preserving and protecting the ocean and coastal resources and
achieve sustainability by meeting the needs of the present generation without
compromising the ability of future generations to meet those needs. To put these
principles in practice requires aligning decision making within ecosystem boundaries,
precautionary and adaptive management, and the use of the best available science and
information. Ecosystem-based management is being recognized as a priority objective for
comprehensive management of the ocean, coasts, and Great Lakes in the White House
Council on Environmental Quality interim report on Ocean Policy (currently being
prepared).

With these concepts in mind, successful restoration and management of the Chesapeake
Bay will need to expand from a water-quality emphasis to one focused on sustainability
and EBM. An ecosystem-based approach will need to address a balance between the
needs of (1) growing populations and their demands for ecosystem goods and services
and (2) improving conditions for critical fish and wildlife populations and their
supporting habitats and water quality.

For purposes of this report, EBM is defined as: “An approach to maintaining or restoring
the composition, structure, and function of natural and modified ecosystems for the goal
of long-term sustainability. It is based on a collaboratively developed vision of desired
future conditions that integrates ecological, socioeconomic, and institutional perspectives,
applied within a geographic framework defined primarily by ecological boundaries”
(Mefte and others, 2002).

The current decision making and supporting science will need to address the: (1) broader
structure, function, and composition of the ecosystem that better links the expanded goals
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with factors affecting condition and sustainability; (2) the socioeconomic needs and
benefits of 17 million people in the watershed, and (3) the supporting partnership
infrastructure needed for more comprehensive monitoring, effective partnership,
alignment of resources, and accountability and adaptation of partner efforts.

Table 1 illustrates the three major elements --ecological, socioeconomic, and partnership
performance--needed for sustainability and EBM and their relation to existing
Chesapeake Action Plan (CAP) goals.

Table 1 —Major components of sustainability and ecosystem management.

Sustainability | Chesapeake Action Proposed ecosystem-based Types of decisions for
Framework Plan (2008) management for Executive Order | sustainability and ecosystem
element “Science for Ecosystem management
Management” report
Vision A system with Ecosystem Sustainability and Decisions about balance and
abundant, diverse Management - the capacity of trade-offs between (1)
populations of an area to meet the needs of the improving and sustaining
living resources, present generation without living resources, habitat, and
fed by healthy compromising the ability of water quality, and (2) meeting
streams and rivers, | future generations to meet their increased needs for goods and
sustaining strong own needs, and management that | services for human population.
local and regional integrates ecological,
economies and our | socioeconomic, and institutional
unique quality of elements.
life
Goals and CBP Goals Ecological Element Ecological Decisions
Components | Protect & Restore | ¢  Diversity and Productivity *Fish and wildlife harvest
Fisheries o Living Resources limits
Protect & Restore o Habitats *Quality and location of
Vital Aquatic o Land Use habitat
Habitats e  Chemical Cycling *Compatible land use for
Protect & Restore o  Water Quality human needs and priority (ish
Water Quality o Air Quality and wildlife species
Maintain Healthy o Biogeochemical *Manage for acceptable levels
Watersheds interactions of nutrients, scdiment, and
e Natural Disturbances contaminants
o  Climate variability *Resilience to natural
o Episodic events disturbances
Foster Chesapeake | Socioeconomic element Socioeconomic Decisions
Stewardship e Physical well being *Take actions to ensure that

o Swimmable waters
o Fishable waters
o Adequale drinking
water
o Housing and
transportation
e  Societal value
o Public access
o Recreation
o Cultural heritage
e Economic value
o Cost of scafood

contaminant concentrations
within limits for fish
consumption, safe drinking
water, and swimmable waters
*Take actions to ensure air
quality within limits

*Land planning for housing
density and transportation
*Individual’s decisions for
housing type and location,
commute to employment, and
recreational needs

*Land planning and purchase
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Management .

o Value of ecosystem
services
o “Green” jobs

Results-oriented
Capacity to align and
implement resources

for public access, recreation,
and enjoyment

*Individual’s decision on type
and cost of food products

Enhance Partnership Performance Partnership Performance
Partnering, Element *Set realistic goals and
Leadership, and ¢ Consensus-based outcomes

*Measure progress
*Collaborate to achieve
progress

*  Sound scicnce
*  Adaptive process

*Adapt and improve

The ecological element needs to emphasize the inter-relation of major ecosystem
components: biodiversity, sustainable living resources, habitat, water quality, land-use
activities, and climate variability and change. The socioeconomic element addresses the
basic goods and services needed by watershed citizens. The partnership structure must
also be in place to foster stewardship and support decisions by governmental and non-
profit entities to effectively balance the health and sustainability of natural ecosystems
with the socioeconomic demands for the goods and services they provide to the people
who live within and outside the watershed. More explanation is provided in Appendix 1.

ADAPTIVE MANAGEMENT FRAMEWORK

The CBP needs to further employ adaptive, ecosystem management to improve decision
making. This will complement the proposed CBP adaptive management process
(USEPA, 2008), which is focused on improving the accountability and operation of the
CBP. The suggested ecosystem-based, adaptive management framework for the
Chesapeake Bay ecosystem (figure 1) is based on approaches developed by the DOI
(Williams and others, 2007) and Integrated Ecosystem Assessments (Levin and others,
2009). The adaptive management framework incorporates research into conservation
action by aligning the decision-making process with the supporting science elements.
Specifically, adaptive management integrates the design, management, and monitoring to
systematically test assumptions in order to adapt and learn (Salafsky, et al. 2001). Major
components of the proposed ecosystem-based, adaptive management framework and
supporting science are:

¢ Refine Goals-The CBP goals need to be refined to address the new elements of
ecosystem management--ecological, socioeconomic, and partnership
performance. The supporting science will include collecting observations and
conducting assessments to define the extent and causes of problem(s) so goals can
be refined and indicators can be refined or established.

¢ Plan and Prioritize-Management strategies and actions will need to be planned
and prioritized to meet the revised goals. For CBP strategies that are already in
place, most of the emphasis will be on prioritizing the locations and types of
practices to be implemented. Science elements to support prioritization would

11
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mostly be GIS-based decision tools to show areas of high nutrient, sediment, and
contaminant loads, or habitats conditions and vulnerability. For new strategies,
such as implementing the new TMDL or addressing climate change, models are
needed to forecast potential future conditions and conduct scenario testing of
strategies and actions that may provide the greatest ecosystem benefit and
associated optimal cost. Monitoring will need to be designed to document
changes in ecosystem response and evaluate the effect of management actions.
Monitoring will need to be begun prior to implementation or enhancement of
management actions so baseline conditions are documented.

Implement-Policies and actions are implemented through coordinated partner
efforts that effectively align resources.

Monitor- Monitoring is critical to document changes in ecological conditions,
tracking of management actions, and progress toward performance measures.
Monitoring will need to include the major ecological components (living
resources, habitat, land use, water and air quality, and natural disturbances),
socioeconomic attributes and attitudes, and tracking of types and locations of
management actions. Due to the scope of the issues, the monitoring will have to
occur at different spatial and temporal scales in selected areas and results used to
extrapolate to areas that cannot be monitored.

Evaluate-Indicators are used to synthesize monitoring data and assess changes in
ecological and socioeconomic elements. Research facilitates integrated
assessments to improve understanding of the factors affecting ecological and
socioeconomic change and to help evaluate the effective of management
strategies and actions. Evaluation includes assessing effectiveness of management
actions to achieve desired outcomes, adequacy of supporting science (models,
monitoring, and research) to predict and detect ecosystem change, and partnership
capacity to implement programs and actions.

Adjust-Based on the outcomes of the evaluate step, both short- and long-term
adjustments may need to be for management actions, science, and partnership
performance. Short-term adjustments (1 year or less) may be made to
management actions or strategies or partnership capacity to implement programs.
Longer-term adjustments (1 year or more) may include modifying goals and
management strategies and adjusting long-term monitoring and research
programs. Long-term adjustments to science elements include improving models,
monitoring, or research to improve understanding of ecological and
socioeconomic changes and effect of management actions.

12
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ADAPTIVE MANAGEMENT FOR ECOSYSTEM DECISION MAKING'

® Refine goals and indicators
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¢ Socioeconomic

¢ Partnership
performance

long term
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® Ecosystem change
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activities and resources

for sufficient
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Figure 1—Proposed ecosystem-based adaptive management framework and supporting

science elements for Chesapeake Bay partnership.

The adaptive management framework will depend on supporting science elements,

which are:

e Observations and monitoring- provide the raw data that form the basis for all

other science elements and adaptive management. Monitoring and observations
are needed to define the status of ecosystem integrity, prepare models to forecast
ecological conditions and test management scenarios, and document changes in
management actions and ecosystem condition.

Information management - ensures that the observations and monitoring data are
of sufficient quality to be used for all the science applications, are accessible in
databases to ensure long-term integrity, and systems are in place to provide rapid
access to and application of the information.
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e Assessment and research- monitoring data are assessed to define the extent of
problems and track changes over time. Research is conducted to understand and
explain the ecological conditions, examine the effectiveness of potential solutions,
and develop models to test hypotheses and forecast outcomes of different
management and socioeconomic scenarios.

e Modeling- models are used to test hypotheses of factors affecting ecological and
socioeconomic conditions and inter-relation of ecological components (living
resources, habitat, water quality, land use, and natural disturbances). Models are
used to forecast future conditions and assess management alternatives based on
different scenarios of socioeconomic conditions, climate change, and management
policies and actions.

e Indicators- selection of a full suite of variables to that can be measured and
analyzed is crucial so scientists and managers can track ecological,
socioeconomic and institutional trends and compare them to the objectives. The
development of a clear set of measurable indicators and benchmarks for the health
of the Chesapeake Bay watershed will allow tracking of restoration progress and
the ability to report back to the public.

e Communication Process- provide the assessment and synthesis of scientific
information to improve decision making for federal and state managers and policy
makers, local governments and land-use planners, elected officials, and the
general public. Products for Federal and state resource managers would be
focused on helping them adjust management policies and actions based on an
improved understanding of the ecosystem and effectiveness of management
actions. Products for local governments and land-use planners would provide
implications for a balance between economic growth and a sustainable ecosystem.
Products for the general public would help them understand how their economic
and social decisions affect, and derive benefit from, ecosystem goods and
services. Products for elected officials would provide implications of how laws,
policies, and budget decisions affect sustainability and ecosystem conditions.

e Decision support tools- Improved decision-making will depend on delivering the
information to each audience in a timely and user-friendly fashion.

Each of the science elements fits into an adaptive management cycle to adjust and
improve management policies and actions, and the research needed to support ecosystem-
based decision-making. Further discussion of the adaptive management cycle and the
alignment of these elements are covered in Appendix 2.

14
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ADAPTIVE MANAGEMENT IN PRACTICE: BLUE CRAB STOCK ASSESSMENT

The cycle of stock assessment and regulation modification employed in
managing Chesapeake Bay Blue Crab Stock is a good example of how an
adaptive management approach is employed by resource managers in the
region. On an annual cycle, managers use data gathered from ecological
surveys/monitoring programs to provide input for a stock assessment model.
The model is used to assess the population and fishing status and an advisory
report is generated. From there, state managers and fisheries commissions
make decisions about any necessary modifications to the current harvesting
regulation. The process is revisited on a 3-5 year cycle, when biologists and
modelers convene to revise and review the current models used and to make
recommendations on additional monitoring and research necessary to improve
the assessment. New models are used to explore potential impacts of various
policy scenarios and stakeholder groups are convened to discuss management
alternatives.

The blue crab management cycle was never explicitly designed to be an
“adaptive management” process; however, it has evolved to one. Over the past
15 years, this has spurred the development of extensive blue crab research and
improved monitoring. Future cycles may help to incorporate more of an
ecosystem-based management approach. For example, managers and
biologists may determine that habitat and population recruitment factors are
necessary for improving stock assessment and exploring potential management
options resulting in future research, monitoring, and models that could be
incorporated in the iterative phase of management to help reduce uncertainty in
management decisions.

ESTABLISHING AN INTERAGENCY DECISION-SUPPORT HUB

To better integrate and synthesize information and provide results to key audiences for
sustainability and ecosystem management, we recommend a Decision-Support Hub be
established. Most of the current decision-support activities in the CBP are focused on
water-quality improvements and the same level of effort is needed to address the other
CBP goals and new challenges. The Hub would bring together decision-support tools and
have decision-support specialists to provide a similar level of effort to support the other
CBP goals. The primary responsibilities of the Decision Support Hub would be to:

Provide GIS-based decision-support tools and analysis for (1) target conservation and
restoration actions for habitat, water quality, and vital land (2) coastal zone
management, (3) fisheries and wildlife management, (4) hazard assessment, climate
change, and resiliency planning, and (5) land-use planning.

Forecast and assess implications of different management actions and policies,

Prepare communication products for the public, local governments, resource
managers, and elected officials, and
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e Have decision-support specialists to directly interact with decision makers on the

implications of different management options and effectiveness of current practices.

The Hub would interact closely with the CBP Technical Support and Services team to
utilize scientific information being generated by federal, state, and academic partners.
The key science information needed by the Hub to improve decision-support tools and
analysis includes monitoring, improved spatial data and information management,
research results, model forecasts, and an expanded suite of indicators (see figure 2).

CBP TOPICS AND INTERAGENCY DECISION SUPPORT HUB
FISH AND WILDLIFE

e NOAA
e FWS
® States
A
HABITAT WATER QUALITY
° FWS . ° EPA
° NOAA™ - . s USDA
® States / i BN = ® States
| A L
£ N
4 N
£ A
INTERAGENCY HUB \
£ \
WATERSHEDS/ { o \’1
CONSERVING | DECISION SUPPORT \ CLIMATE
LANDS ® Decision Tools and GIS Analysis 3 CHANGE
e NPS ® Targeting 4 e NOAA
e USDA " ® Forecasting ! e DOI
* DOD \ ® |Implications / ® States
® Siafes \ e Communication Products /
\ ® Decision-Support Specialists vV
\ /
X v
\\ //
7 4
< i
# el _ad N
FOSTERING T . s LEADERSHIP
STEWARDSHIP A and
® NPS PARTNERING
® Siates ® EPA and All FEDS
Y ® States
SUPPORTING SCIENCE
ELEMENTS

® Federal efforts coordinated through
CBP Technical Support and Services

® USGS, NOAA, EPA, COE, USDA,
FWS, NPS

Elements:

® Observations and monitoring

® [nformation management

® Research

e Modeling

® |ndicators

Figure 2: Relation of Decision Support Hub to CBP Goals and Technical Support and
Services Team
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Specific recommendations to be addressed by the Hub include:

e The partnership needs to integrate existing decision tools (examples of existing tools
include Chesapeake Online Adaptive Support Toolkit (COAST)-USGS/USEPA,;
SLAMM-USFWS; Habitat Priority Planner-NOAA). The existing decision tools
should be enhanced to address new ideas being developed for targeting agricultural
practices (NRCS), Clean Water Act activities (USEPA), stormwater (DOD and
USEPA), and protecting ecosystems (NPS). We recommend that the COAST be
developed as a portal to provide improved access to other decision tools.

e Improve tools to include socioeconomic factors so improved decisions can be made
for sustainability of living resources and the needs of 17 million people in watershed.

e Improve communications products, technical assistance, and social marketing
campaigns to effectively translate scientific findings and illustrate the consequences
of management options and decisions by the public, local governments, resource
managers, and elected officials. Inproved communication strategies and products
would help link and simplify the technical concepts of ecosystem management with
the sustainable benefits they provide to people in the watershed (USGS and NOAA).

e Enhance the Bay Barometer to reflect sustainability and additional socioeconomic
indicators (USEPA).

e Revising partner “state of the environment” reports and “report cards” to reflect
sustainability and EBM.

e Utilize research in human dimensions and social marketing to enhance effectiveness
of products to improve decision making for target audiences

CREATING A DATA ENTERPRISE

Given current technology capabilities, senior level decision makers should be able to
view indicators of the health of the Bay geographically from their desktops and
collaborate in real time on different policy scenarios for restoration. This requires a set of
agreed upon information management practices adopted by the partners so that silo
systems or information management approaches do not impede progress. All
environmental data archiving, access, sharing, and information systems should transition
into a fully integrated Chesapeake Bay Data Enterprise. The ultimate goal of improved
data management should be to provide timely and agile access to data and information
among partners so they can easily integrate data for analysis. The Chesapeake Bay Data
Enterprise will enable partners to use the wide range of data needed to improve
ecosystem management. Therefore the partnership must design a blueprint for this new
capability and fully leverage the Internet for sharing and use information between the
growing number of data producers and data consumers.

The Chesapeake Bay Program has foundational pieces of an enterprise wide system in
place. It has built and deployed an activity integration system, reports information to the

public through the Bay Barometer, and maintains and runs models leveraging federal
supercomputing capabilities. However, to be a truly effective and agile information and
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knowledge-based partnership, enterprise-wide best practices for information management
and future investments need to be accepted by the partners. Investment in the data
housing, data-serving infrastructure is critical to be able to conduct integrative analyses in
support of diverse decision making needs.

Specific recommendations to be addressed by the Data Enterprise include:

e Make extensive improvements to obtain, manage, and share information to support
EBM and improve decision-making. Design and implement effective enterprise
architecture to share and use information between the growing numbers of data
producers (USEPA)

e The partners will have to greatly increase their capacity to assess, obtain, manage, and
utilize appropriate information from multiple monitoring programs. CBP should
develop partnership guidance documents that lay out analytical-quality assurance
requirements for a monitoring program to become a partner in our monitoring
networks. Guidance for data management, data standards, data submission and
metadata currently exists, but will need modification for working with small data
providers (CBP 1998, CBP 2001, and CBP 2006). (USEPA, NOAA, and USGS)

e Design and implement effective enterprise architecture to share and use information
between the growing number of data producers (USEPA)

e Participate in the Open Geospatial Consortium Interoperability Program and the
Federal Geographic Data Committee to ensure compatibility of information (USEPA,
NOAA, DOI, USDA, and DOD)

e Manage existing information and plan for the increased needs of EBM. Take
advantage of existing Interagency national data management programs, such as the
Integrated Ocean Observing System and the National Water Quality Monitoring
Network (USEPA, NOAA, and USGS)

e Ensure full utilization of the data standards being developed for map and remotely
sensed data (by the Federal Geographic Data Committee) to ensure interoperability
and utilize national ideas for data management being implemented by IOOS and the
NWQMN (USEPA, NOAA, and USGS)

CREATING THE CHESAPEAKE MONITORING AND OBSERVING SYSTEM

The importance of monitoring for EBM can be stated in a single sentence: You cannot
recognize, understand, improve or maintain what you do not or cannot measure
(Draggan, 2006). This places monitoring as a fundamental need for achieving
sustainability. In this report we primarily deal with ecological monitoring, but we
recognize the need for monitoring socioeconomic and performance indicators.
Scientifically-defensible and credible measurements and observations in each of these
areas can provide powerful bases for decisions and management actions that are focused
upon a variety of goals including those related to sustainability (Draggan, 2006).
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EXISTING SCIENCE PROGRAMS AND GAPS TO ADDRESS ECOSYSTEM BASED MANAGEMENT

As part of the 202f report, a gap analysis was conducted to assess the ability of existing
federal programs to address the science elements needed for adaptive ecosystem-based
management. Table 2 summarizes the results of the gap analysis by illustrating the
science elements to support EBM are adequate (green), need to be integrated or improved
(yellow), or do not currently exist (red). Within the existing Chesapeake Bay partnership,
many of the science elements to address the ecological components are in place, but need
to be improved. Many of the science elements to support the socioeconomic component
do not exist or need to be improved, and most science elements to support partnership
performance exist but need to be improved.

A major aspect of the gap analysis focused on current monitoring programs. The current
USEPA CBP funded monitoring programs are shown in Table 3.

Program region

Program Areas

Parameters

Tidal

Mainstem Water Quality
Tributary Water Quality
Shallow Water Monitoring

Physical Chemical: Nutrient
suite (totals and or certain
fractions of N, P, C, Si),
Turbidity, Secchi,
Temperature, Salinity,
Conductivity, dissolved
oxygen, Kd.

Biological: Phytoplankton,
Benthic invertebrates,
Submerged Aquatic
Vegetation

Watershed

Nontidal Tributaries
River Input Monitoring
Program

Nutrients and sediments,
Nutrients and sediment,
chlorophyll, toxic elements
(at a limited number of
sites),

Table 3—Current CBP USEPA funded monitoring programs

Other federal, state and local agencies and nongovernmental programs also carry out
extensive monitoring efforts. The CBP office prepared an inventory of monitoring
programs being conducted by federal, state, and local governments to address both the
EQO requirement to assess existing monitoring programs and gaps in data collection and to
provide information to help re-align the CBP water-quality monitoring programs. Results
of the inventory are shown in figure 2. More information about how the inventory was

conducted and lists of federal programs are presented in appendix 4.
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EBM Domain

Element

Sustainability

Ecological

Diversity &
Productivity

Biodiversity

Fish/Shellfish
Abundance
Fish/Shellfish
Diversity
Fish/Shellfish Health
Phytoplankion/
Zooplankton
Wildlife Abundance
Wildlife Diversity
Wildlife Health

Communication
Products

Information

Management

Habitat

Wetlands

SAV

Fish Passage &
Streams

Land Use

Impervious Surface
Forest
Agriculture

Water Quality

Nutrients
Sediments

Toxic pollutants

Chemical Cycling

Air Quality

Particulates
Ozone

cO2
Acidity

Climate Variability

Sea Level
Water Temperature
Salinity

Rainfall

Natural Disturbance

Episodic events

Fi e
Hurricanes/Storms
Flood

Tides
Streamflow/Drought

Societal

Physical Well-being

Human health

Water supply and
protection
Food Safety

Safety and Security

Swimable waters

Sense of Community

Public Access
Cultural Heritage

Socioeconmomic well-
being

Quality of Life

Education

security

Social & economic
value

Institutional

Objective assessment

Sound Science

Consent-based

Partnerships, NEPA

Community
Engagement

Results-oriented

Shared vision

Accountable

Adaptable

Table 2. Gap analysis for existing Chesapeake Bay ecosystem based management components. Green indicates current efforts sufficient,

yellow denotes work in progress, but either lack of coverage or lack of integration; red denotes no current effort.
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The additional monitoring programs offer opportunities to build alliances to utilize
existing programs to address aspects of EBM. However, there is a need for additional
resources to assess the adequacy of the information and to manage the data. These
existing programs cannot address all the gaps in monitoring. The recommendations to
address these gaps and those of the other science elements are fully discussed in
Appendix 5 and summarized below.

NUMBER OF MONITORING PROGRAMS BY SUBJECT AREA

AIR QUALITY
BACTERIOLOGICAL
BENTHIC
BIRDS
CLIMATOLOGICAL
FISHERIES
GROUND WATER
METEOROLOGY
OBSERVING
SYSTEM
PHYTOPLANKTON
POINT SOURCE
RADIOLOGICAL
SAV
SHELLFISH
TOXICS-SEDIMENT
TOXICS-TISSUE
TOXICS-WATER
WATER QUALITY
WILDLIFE

Fig. 2 Monitoring programs by subject areas related to ecosystem-based

management

The Chesapeake Bay partners will need to expand partner efforts for a Chesapeake
Monitoring and Observing System to provide integrated monitoring of upland
watersheds, estuaries, and the coastal ocean using common criteria and standards. The
monitoring system should build from existing monitoring and observing programs in the
Bay and its watershed and be improved to better address fish and wildlife, foodweb
interactions, disease, contaminants, climate variability, land-cover and use, and tracking
of management actions. The monitoring should occur at several scales ranging from the
entire basin and contributing coastal waters down to small watersheds to assess
effectiveness of agricultural and suburban practices. There are opportunities to build on

21
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existing networks and better align with national programs to improve the current
monitoring system. The efforts to establish and improve the system would include:

o Coordinate with national monitoring networks to address needs in the Bay and
its watershed (including the Integrated Ocean Observing System and the National
Water Quality Monitoring Network).

o Establish stronger partnerships with ongoing federal and state monitoring
programs.

o Design and implement a climate change monitoring component to ensure
decision tools and models can forecast potential impacts of a changing climate.

o Expand monitoring to address identified gaps. Additional monitoring is needed
to address critical gaps in monitoring of fish and wildlife, habitat, contaminants,
land use, natural disturbances, and socioeconomic factors, and tracking of
management actions.

Summary recommendations include:

e Interact with key national observation systems to further implement regional
components of these federal systems in the Chesapeake Bay and its watershed.
The federal systems include the Integrated Ocean Observing System (Interagency,
led by NOAA) and the National Water-Quality Monitoring Network (led by
USGS and USEPA)-see p. 23. Other relevant national programs with monitoring
programs include the National Fish Habitat Action Plan (USFWS), the National
Water-Quality Assessment (NAWQA) program (USGS), and the proposed
Climate Effects Network (DOI).

e Utilize and increase partnerships with existing federal, state, and local monitoring
programs. The majority of the existing programs are best suited to address water-
quality conditions in the watershed and the physical well-being of the human
population (drinking water and air quality, fish and shellfish consumption, and
swimmable waters). Additional work is needed to assess, obtain, and interpret this
information to address EBM needs (USEPA, NOAA, and USGS).

e Improve monitoring in tidal waters for foodweb interactions, habitats,
contaminants, and disease to improve management of fisheries and wildlife
species (NOAA and USFWS).

e Improve the CBP tidal water-quality monitoring program to enhance assessment
of water-quality standards in the Chesapeake Bay (USEPA).

e Improve the CBP nontidal water-quality monitoring network to better document
nutrient and sediment reductions in the Bay watershed (EPA and USGS).

e Establish long-term monitoring and assessment in small watersheds to evaluate
and explain the effectiveness of restoration practices. There are opportunities to
partner with on-going studies conducted by federal, state, and NGOs to assess
changes in nutrients, sediment, contaminants, and habitats (USEPA, USDA,
USGS, FWS, and COE).

e Establish monitoring programs of critical wildlife species and their habitats in the
Chesapeake Bay watershed (including recreational fish species, fish with
compromised health, and selected migratory birds). There are opportunities to
better utilize federal and state monitoring programs to determine the health and
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abundance of wildlife species and the impacts of pathogens, disease,
contaminants, and invasive species (USFWS, USGS, and USEPA).

e Improve spatial resolution and consistency of land-cover and impervious surface
monitoring for the watershed every 5 years (NOAA and USGS).

e C(reate a geo-referenced database to track changes in land-use activities and
management actions on agricultural, urban/suburban, and forested lands (USDA,
USEPA, USGS, and DOD).

e Improve observing systems and monitoring of climate variability and extreme
events to better assess changes in ecosystem conditions and long-term effects of
climate change (NOAA and USGS).

THE INTEGRATED OCEAN OBSERVING SYSTEM AND THE NATIONAL WATER-QUALITY
MONITORING NETWORK

To reduce the effort needed to create the Chesapeake Monitoring and Observation
System, existing monitoring programs should be utilized. Recommendations by the U.S.
Commission on Ocean Policy previously led to the creation of the National Water-
Quality Monitoring Network for U.S. Coastal Waters (NWQMN) and strong
endorsement of the Integrated Ocean Observing System (I00OS). The NWQMN design
addresses physical characteristics (flow, sediments, habitat), chemical constituents
(organics and inorganics), and biological characteristics (chlorophyll and algae, bacteria
and viruses, macroinvertebrates, and fish). It is a multi-organizational framework that
addresses issues at multiple scales, including fixed station and probabilistic designs,
discrete and continuous data, and point and spatial data (such as along buoy lines or
trawls). The IOOS framework includes in situ, remote, and other coastal and ocean
observation, technologies, and data management, modeling and communication
subsystems. I0OS is designed to gather specific data on key coastal and ocean variables,
and to ensure timely and sustained dissemination and availability of these data.

The two systems are aligned at the national and regional levels. Both IOOS and the
NWOQMN provide local infrastructure for Chesapeake Bay monitoring; the combination
provides integrated monitoring of coastal and upland watersheds, estuaries, and the
coastal ocean using common criteria and standards. The community needs to leverage
existing capabilities of IOOS and the NWQMN to enhance Chesapeake Bay observing
and decision-support capabilities that would enable us to better understand and respond to
the interactions among ocean, atmospheric, and terrestrial processes. More information
on these and other programs is provided in Appendix 3.

ALIGNING AND INTEGRATING RESEARCH TO EXPLAIN AND FORECAST
ECOSYSTEM CHANGES AND THE EFFECT OF MANAGEMENT ACTIONS

Better alignment of research efforts and models will improve targeting of management
actions, develop forecasting capabilities of ecological and land-use conditions and
outcomes of management options, explain ecosystem change and evaluate the effects of
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management actions, and develop the cost and value information needed as a foundation

for development of ecosystem market banking and trading. This recommendation

proposes the federal government will:

o Align research in an adaptive management approach to explain changes and the
effect of management actions.

o Prepare a federal research plan that identifies major gaps that need to be filled.

o Improve modeling capabilities to forecast ecological and human health conditions
due to changes in land use, climate, weather, socioeconomic conditions, or different
management options.

Aligning and expanding research into the proposed adaptive-management framework will
improve our ability to assess the effectiveness of management actions and explain
ecosystem linkages between living resources, habitats, water quality, land use, natural
disturbances, and socioeconomic factors. Some specific recommendations include:

e Understand and explain ecosystem linkages between living resources, habitats, water
quality, land use, natural disturbances, and socioeconomic factors. (NOAA, USFWS,
USGS, USEPA, USDA, DOD).

e Improve models of ecosystem interconnections to forecast potential future conditions
and test different management scenarios. Conduct integrated assessments of the
effectiveness of management policies and actions to improve ecosystem conditions
(NOAA, USFWS, USGS, USEPA, USDA, and DOD).

A new Chesapeake Bay Federal Research Plan is needed to help align Federal research

efforts. The Plan will identify priority research needs through stakeholder (scientist and

technical experts, policy makers and the public) input, and describe the implementation

of strategies to address those needs. The Plan should be modeled after the National

Science and Technology Council’s Joint Subcommittee on Ocean Science and

Technology (JSOST) Ocean Research Priorities Plan, to help guide Federal research as

well as Federal external funding opportunities. Specific recommendations are:

e Prepare a federal research plan to address highest priorities (NOAA, USFWS, USGS,
USEPA, USDA, and DOD working with STAC).

e Work with STAC to align academic and federal research efforts and needs.

Attempts to integrate existing models, and develop additional models, are needed to
simulate the ecological factors affecting fish and wildlife and the relation to
socioeconomic changes of the human population. Integrated ecological models are
needed at different scales to run scenarios to make tactical decisions (such as fishing
harvest) and long-term, strategic decisions for management policies. Some specific
recommendations include:

e Better link existing models to forecast ecosystem changes of different management
actions. Work to link outputs from land-change model (USGS), with watershed
models (USEPA and USGS), estuary water-quality models (USEPA and COE), and
fisheries models (NOAA).

e Enhance existing models to include socioeconomic factors and climate-change
variables (NOAA, USEPA, USGS), and develop new models of critical wildlife
species (USFWS and USGS).
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e Develop models to run as analytical web services using existing standards so they can
be applied to consider management decisions at multiple scales (watershed wide,
state, and local scales) (USEPA, NOAA, USGS, and USFWS).
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APPENDIX 1. DISCUSSION OF DECISION MAKING FOR ECOSYSTEM
SUSTAINABILITY AND MANAGEMENT

This appendix summarizes the current CBP management goals and decision making
process and provides the rationale to evolve to a decision making framework that
emphasizes the goal of sustainability to be achieved through ecosystem-based
management. An integrated observing and assessment system based on adaptive
management and supporting science elements is outlined.

Current CBP Goals and Decision-Making Process

The Chesapeake Bay Program partners, in the 2000 Restoration Agreement, developed a
collaborative vision for the Bay ecosystem-- “a system with abundant, diverse
populations, of living resources, fed by healthy streams and rivers, sustaining strong local
and regional economies and our unique quality of life.” The Chesapeake 2000 agreement
set over 100 commitments to address major goals for living resources, habitat, water
quality, land use, and stewardship. Since 2000, the CBP partners have had to prioritize
restoration efforts due to limited resources to address all of the Chesapeake 2000
commitments. The CBP placed an emphasis on restoring water quality because the Bay
had been listed as an impaired water body under the Clean Water Act.

In 2008, the CBP prepared the Chesapeake Action Plan (CAP) (USEPA, 2008) that
modified the Chesapeake 2000 goals and showed the inter-connection of the goals. The
restoration and protection of living resources was the primary goal supported by habitat
and water-quality restoration, maintaining healthy watersheds, and fostering stewardship
(figure A1-1). A new goal to enhance partnering, leadership, and management was also
established to improve the institutional capacity and accountability of the CBP
partnership to achieve the ecological goals. The CAP contained a strategic framework
that unified CBP’s goals and plans, developed dashboards and updated indicators to show
progress toward the major goals of CAP, developed a data base of federal and state
activities so partners can better align efforts and resources, and proposed an adaptive-
management process that begins to identify how this information will provide critical
input to the CBP partners actions, emphasis, and future priorities.

Even with the CAP, the current decision making process of the CBP is mostly focused on
addressing individual CAP goals, with an emphasis on the water-quality goal. The
decision making about the inter-relation of CAP goals, such as assessing how changes in
water-quality conditions will improve the abundance and health of living resources in the
Bay, is not emphasized at this time. Water-quality criteria for dissolved oxygen, water
clarity and chlorophyll a have been developed based on the needs of living resources in
the bay. The criteria have progressively been phased in by States as water-quality
standards. Clean Water Act litigation has led the Chesapeake Bay partnership to develop
nutrient and sediment load reduction targets under the Total Maximum Daily Load
(TMDL) approach. Water-quality monitoring networks in the Bay are used to assess
progress toward attainment of the water-quality standards. A CBP nontidal watershed
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monitoring network was established by the CBP partners in 2004 to document changes in
nutrients and sediment loads in the watershed to help to assess progress towards load
restoration goals.

A Shared A system with abundant, diverse populations of living resources, fed by healthy streams and rivers, sustaining strong local
Vision and regional economies, and our unigue quality of life.

Goal 1: Protect & Restore Fisheries

Restore, enhance and protectthe finfish, shellfish and other
living resources, their habitats and ecological relationshipsto
sustain all fisheries and provide for a balanced ecosystem.

Goal 2. Protect & Restore Vital Aquatic Habitats

Goal 3: Protect & Restore Water Quality

Restore those habitats and natural areasthat are vital to the Achieve and maintain the water quality necessary to support
survival and diversity of the living resources of the Bay and the aquatic living resources of the Bay and its tributaries and
itsrivers. toprotect human health.

Goal 4: Maintain Healthy Watersheds

Develop, promote and achieve sound land use practiceswhich
protect watershedresources and water quality, maintain
reduced pollutant loadings forthe Bay andits fributaries, and
restore and preserve aquatic living resources.

Goal &: Foster Chesapeake Stewardship
Promote individual stewardship and assistindividuals,
community-based organizations, businesses, local
governments and schoolsto undertake initiativesto achieve
these goals and our sharedvision.

Goal 6: Enhance Partnering, Leadership & Management

Improve and enhance the leadership and management of the Chesapeake Bay Program parinership.

Figure Al-1 Current goals of the Chesapeake Bay Program

Despite these substantial monitoring and assessment efforts, a recent CBP-STAC
monitoring program review (2008) has found the CBP monitoring efforts insufficient to
address critical aspects of the CBP goals for living resources, habitat, watersheds and
stewardship and some aspects of water quality. CBP monitoring realignment activities,
generally focused on water quality, are underway during summer 2009. Outcomes of the
realignment process are anticipated to address water-quality elements of monitoring
program deficiencies in autumn 2009, and are considered in this report. The inter-relation
of the CBP goals, and supporting science, needs to be more thoroughly examined and
integrated using ecosystem-based management to improve the decision making for
restoring and protecting the Bay and its watershed.

Decision Making for Sustainability and Ecosystem-Based Management

The President issued Executive Order 13508 on May 12, 2009 for Chesapeake Bay
protection and restoration. The E.O. directs the federal government, in consultation with
the states, to “protect and restore the health, heritage, natural resources, and social and
economic value of the Nation’s largest estuarine ecosystem and the natural sustainability
of its watershed.” The E.O. addressed multiple ecological, social, and institutional topics
including: (1) Shared Federal Leadership, Planning, and Accountability, (2) Restore
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Water Quality, (3) Agricultural Practices to Protect the Chesapeake Bay, (4) Reduce
Water Pollution from Federal Lands and Facilities, (5) Protect Chesapeake Bay as the
Climate Changes, (6) Expand Public Access to the Chesapeake Bay and Conserve
Treasured Landscapes, (7) Monitoring and Decision Support for Ecosystem
Management, and (8) Living Resources Protection and Restoration.

To more effectively address the E.O. and goals in the CAP, the CBP needs to evolve
from a program that emphasizes water-quality restoration to one focused on sustainability
that is achieved through ecosystem-based management.

For purposes of this report, ecosystem-based management is defined as:
“An approach to maintaining or restoring the composition, structure, and function of
natural and modified ecosystems for the goal of long-term sustainability. It is based on a
collaboratively developed vision of desired future conditions that integrates ecological,
socioeconomic, and institutional perspectives, applied within a geographic framework
defined primarily by ecological boundaries” (Meffe and others, 2002).
The current decision making and supporting science will need to be expanded to address
the:

e Broader structure, function and composition of ecosystem that better links the

CBP goals and other factors affecting the condition and sustainability,

e Socioeconomic needs and benefits of 17 million people in the watershed, and

e Supporting partnership infrastructure needed for more comprehensive monitoring,
effective partnership, alignment of resources, and accountability and adaptation of
partner efforts.

Table Al illustrates the 3 major elements --ecological, socioeconomic, and partnership--
needed for sustainability and ecosystem-based management and their relation to existing
CBP goals. The ecological element needs to emphasize the inter-relation of major
ecosystem components: biodiversity, sustainable living resources, habitat, water quality,
land-use activities, and climate variability and change. The socioeconomic element needs
to address the basic goods and services needed by the 17 million people in the watershed.
The institutional structure must also be in place to foster stewardship and support
decisions by governmental and non-profit entities to effectively balance the health and
sustainability of natural ecosystems with the socioeconomic demands for the goods and
services they provide to the people who live within and outside the watershed.

Table 1—Major components of sustainability and ecosystem management.

Sustainability | Chesapeake Action Proposed ecosystem-based Types of decisions for
Framework Plan (2008) management for Executive Order | sustainability and ecosystem
element “Science for Ecosystem management
Management™ report

Vision A system with Ecosystem Sustainability and Decisions about balance and
abundant, diverse Management - the capacity of trade-offs between (1)
populations of an area to meet the needs of the improving and sustaining
living resources, present generation without living resources, habitat, and
fed by healthy compromising the ability of waler quality, and (2) meeting
streams and rivers, | future generations to meet their increased needs for goods and
sustaining strong own needs, and management that | services for human population.
local and regional integrates ecological,
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economies and our | socioeconomic, and institutional
unique quality of elements.
life
Goals and CBP Goals Ecological Element Ecological Decisions
Components | Protect & Restore | o  Diversity and Productivity *Fish and wildlife harvest
Fisheries o Living Resources limits
Protect & Restore o Habitats *Quality and location of
Vital Aquatic o Land Use habitat
Habitats e Chemical Cycling *Compatible land use for
Protect & Restore o  Water Quality human needs and priority fish
Water Quality o  Air Quality and wildlife species
Maintain Healthy o Biogeochemical *Manage for acceptable levels
Watersheds interactions of nutrients, sediment, and
e Natural Disturbances contaminants
o  Climate variability *Resilience to natural
o Episodic events disturbances
Foster Chesapeake | Socioeconomic element Socioeconomic Decisions
Stewardship e Physical well being *Take actions to ensure that
o Swimmable waters | contaminant concentrations
o Fishable waters within limits for fish
o Adequate drinking consumption, safe drinking
water water, and swimmable waters
o Housing and *Take actions to ensure air
transportation quality within limits
e  Socictal value *Land planning for housing
o Public access density and transportation
o Recreation *Individual’s decisions for
o Cultural heritage housing type and location,
e  Economic value commute to employment, and
o  Cost of seafood recreational needs
o Value of ecosystem *Land p}anning and purghase
services foi1 pubhc access, recreation,
« » and enjoyment
o "Green” jobs *Individual’s decision on type
Partnership Performance and cost of food products
Enhance Element Partnership Performance
Partnering, e Consensus-based *Set realistic goals and
Leadership, and e  Results-oricnted outcomes
Management *  Capacity to align and *Measure progress
implement resources *Collaborate to achieve
*  Sound science Progress
*  Adaptive process *Adapt and improve

The proposed framework for ecosystem sustainability and management was modified
from several approaches being conducted to address ecosystem sustainability and
indicators. The Millennium Ecosystem Assessment (2005) focused on ecosystem services
and human well being. Yale University has provided an evolution of indices from a 2004
Environmental Vulnerability Index and further published the Environmental
Sustainability Index (2005) and provided an ‘ideal set of indicators’ that are organized
under 1) systems, 2) stresses, 3) human vulnerability, 4) social and institutional capacity
and 5) global stewardship; metrics are closely linked with human activities and human
impacts. In 2006, Yale University further piloted the Environmental Performance Index
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(EPI). The EPI (2006) has 16 indicators, but there is a greater breadth of coverage linked
with 6 Policy categories (Environmental health, air quality, water resources, biodiversity
and habitat, productive natural resources, and sustainable energy). Another example of an
ecosystem-based management approach is the Puget Sound Program, which has goals for
(1) Diverse species and food webs; (2) abundant and healthy habitats; (3) fishable,
swimmable waters; and (4) human health and well being.
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APPENDIX 2. ADAPTIVE MANAGEMENT PRINCIPLES

Many authors and entities have addressed improved and more structured decision making
for ecosystem-based management. One recent reference is the US Department of Interior
(DOI) Adaptive Management Technical Guide (Williams and others, 2007). The DOI
guide states that “Resource management usually involves decision-making wherein
managers must consider multiple (often competing) management objectives, constrained
management authorities and capabilities, dynamic ecological and physical systems, and
uncertain responses to management actions.” This requires managers to have some
ability to predict how ecological or physical systems are likely to respond to
interventions, but also identifying what management options are available, what
outcomes are desired, how much risk can be tolerated, and how best to choose among a
set of alternative actions. The challenge confronting managers is to make “good”
decisions in this complex environment, recognizing that the quality of decision making in
the face of uncertainty should be judged by the decision-making process as well as
progress towards desired outcomes. Management of problems like these increasingly
involves a systems approach with explicit and agreed-upon objectives, management
alternatives, and analytical approaches that can identify the most appropriate
management strategies. Adaptive management exemplifies such an approach; however,
its focus is not only on making good decisions in the present, but also on gaining
experience and knowledge so that future management decisions can be improved.”.
Adaptive management needs to emphasize a two-phase learning process including a “set-
up phase” and an iterative phase of improving implementation of management policies
and actions based on monitoring and assessment (see figure A2-1).

Set-up phase
stakeholders

objectives

alternatives

models

monitoring

Iterative phase
=== decision making

monitoring

assessment

Figure A2-1. Adaptive management cycle that illustrates two phases of learning — a set
up phase<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>